In this work, we calculate the rare decays B 0 → D * − s K + and B + → D * + s K 0 in perturbative QCD approach with Sudakov resummation. We give the branching ratio of 10 −5 for B 0 → D * − s K + , which will be tested soon in B factories. The decay B + → D * + s K 0 has a very small branching ratio at O(10 −8 ), due to the suppression from CKM matrix elements |V * ub V cd |. It may be sensitive to new physics contributions. *
Introduction
Perturbative QCD (PQCD) method for B decays has been developed for some years [1] . It is successfully applied to exclusive B meson decays recently, such as B → ππ [2] , B → Kπ [3] , B → πρ [4] and other channels [5] .
Very recently, pure annihilation type B decays are discussed in the PQCD approach, such [6, 7] decays and B + → D + s φ decay [8] . It is found that the annihilation type decay B 0 → D − s K + has a sizable branching ratio of 10 −5 , which has already been measured by experiments [6] . In this paper, we will continue to compute the branching ratios of similar decays B 0 → D * −
Because the four valence quarks in the final states D * s and K(K) are different from the ones in the B meson, the rare decays B → D * s K are pure annihilation type decays. In the usual factorization approach (FA) [9] , this decay picture is described as B meson annihilating into vacuum and D * s and K meson produced from vacuum afterwards. To calculate this decay in the FA, one needs the D * s → K form factor at very large timelike momentum transfer O(M B ). However the form factor at such a large momentum transfer is not known in FA.
The annihilation amplitude is a phenomenological parameter in QCD factorization approach (QCDF) [10] , and the QCDF calculation of these decays is also unreliable.
In this paper, we will calculate these decays in PQCD approach. Similar to the B → D S K decays, the W boson exchange induce the four quark operatorbd →cu orbu →dc, and thess quarks included in D * s K are produced from a gluon. This gluon attaches to any one of the quarks participating in the four quark operator. In the rest frame of B meson, the produced s ors quark included in D * s K final states has O(M B /4) momentum, and the gluon producing them has q 2 ∼ O(M 2 B /4). This is a hard gluon, so we can perturbatively treat the process where the four-quark operator exchanges a hard gluon with ss quark pair. It is a perturbative six quark interaction now.
In PQCD, the decay amplitude is separated into soft (Φ), hard (H), and harder (C) dynamics characterized by different scales. It is conceptually written as the convolution,
where k i 's are momenta of light quarks included in each meson. C(t) is Wilson coefficient which results from the radiative corrections at short distance. Φ M is the wave function which describes hadronization of the quark and anti-quark into the meson M. H describes the four quark operator and the quark pair from the sea connected by a hard gluon whose scale is at the order of M B , so the hard part H can be perturbatively calculated.
Some analytic formulas for the decay amplitudes of B → D * s K decays will be given in the next section. In section 3, we give the numerical results and discussion. Finally, we conclude this study in section 4.
Analytic formulas
We consider the B meson at rest for simplicity. In the light-cone coordinate, the B meson momentum P 1 , the D * s meson momentum P 2 and K meson momentum P 3 are taken to be:
where
Denoting the light (anti-)quark momenta in B, D * s and K mesons as k 1 , k 2 , and k 3 , respectively, we can choose
The decay amplitude in eq.(1) leads to:
where b i is the conjugate space coordinate of k iT , and t is the largest energy scale in H. The large logarithms ln(m W /t) coming from QCD radiative corrections to four quark operators are included in the Wilson coefficients C(t). The last term, e −S(t) , contains two kinds of logarithms. One of the large logarithms is due to the renormalization of ultra-violet divergence ln tb, the other is double logarithm ln 2 b from the overlap of collinear and soft gluon corrections. This Sudakov form factor suppresses the soft dynamics effectively [11] . 
Since the wave functions are process independent, one can use the same forms constraint by other decay channels [5] to make predictions here. Now the hard part H in eq. (3) is the only channel dependent part for us to calculate perturbatively.
B
In the decay B 0 → D * − s K + , the effective Hamiltonian at the scale lower than M W is given as [12] 
where C s K only has annihilation diagrams. By calculating the hard part H at the first order of α s , we get the following analytic formulas. With the meson wave functions, the amplitude for the factorizable annihilation
a , and nonfactorizable (c),
as:
In the function, C F = 4/3 is the group factor of SU (3) c , and
a , h a will be given in the appendix. The distribution amplitudes φ M , are given in the next section. The amplitude for the nonfactorizable annihilation diagrams in Fig.1(c) and
where x 1 dependence in the numerators of the hard part are neglected by the assumption
Comparing with
, we find that the leading twist contribution, which is proportional to φ A K , is almost the same. However the subleading twist contribution, which is proportional to r r K , change significantly, especially for the φ P K (x 3 , b 2 ) terms in (9) and (10).
The total decay amplitude for
a + M a . The decay width is then
The charge conjugate decay
Since there is only one kind of CKM phase involved in the decay, there is no CP violation in the standard model for this decay channel.
B
The effective Hamiltonian related to B + → D * + s K 0 decay is given as [12] 
The amplitude for the factorizable annihilation diagrams results in −F
. The amplitude for the nonfactorizable annihilation diagrams is given as
Comparing with the decay to two pseudo-scaler final states
, the change only occur in r 2 terms. Therefore, the non-factorizable contribution in B + decay does not change much.
The total decay amplitude A ′ and decay width Γ for B + → D * + s K 0 decay are given as
The decay width for CP conjugated mode,
Similar to the B 0 decay, there is also no CP violation in this decay within standard model.
Numerical evaluation
We use the wave function of B meson written as [5] 
where N B is a normalization factor. Because the mass difference between D s and D * s is not large, for simplicity, their wave functions are chosen to be the same [5, 6] :
Since c quark is much heavier than s quark, this function is peaked at c quark side, i.e. small
x region.
The K meson wave functions are given as
where ξ = 2x − 1. The parameters of these distribution amplitudes calculated from QCD sum rule [13] are given as
for m 0K = 1.6 GeV. In addition, we use the following input parameters [6] :
For branching ratio estimation, we use the CKM matrix elements and the lifetimes of B mesons as following [14] ,
The predicted branching ratios are
The branching ratio of For the experimental side, there are only upper limits given at 90% confidence level [14] ,
Obviously, our results are consistent with the data.
In addition to the perturbative annihilation contributions, there is also a hadronic picture The calculated branching ratios in PQCD are sensitive to various parameters, such as parameters in eqs. (22) (23) (24) . It is necessary to give the sensitivity of the branching ratios when we choose the parameters to some extent. Table 1 
A Some formulas used in the text
The function E 
and S B , S D , and S K result from summing both double logarithms caused by soft gluon corrections and single ones due to the renormalization of ultra-violet divergence. Those factors are given in ref. [5, 6] . In the numerical analysis we use leading logarithms expressions for Wilson coefficients C 1,2 presented in ref. [12, 2] .
The functions h a , h
a , and h (2) a in the decay amplitudes consist of two parts: one is the jet function S t (x i ) derived by the threshold resummation [15] , the other is the propagator of virtual quark and gluon. They are defined by
where H
0 (z) = J 0 (z) + i Y 0 (z), and F (j) s are defined by
We adopt the parametrization for S t (x) of the factorizable contributions,
which is proposed in ref. [16] . The hard scale t's in the amplitudes are taken as the largest energy scale in the hard part H to kill the large logarithmic radiative corrections: 
